Many years ago, Australian investigators working in Antarctica gathered a large quantity of systematic data on blowing snow, using techniques and equipment that were validated by tests and theory. Results were analyzed very thoroughly, with emphasis on establishment of the relevant physics. Without doing anything essentially different from the original investigators, we have combined the Australian data and applied multiple regression analysis in order to relate mass flux and mass concentration to the relevant variables that are most easily measured, i.e. height above ~urface, and wind ,speed ,at standard anemometer heigh t.
, .
The Australian studies were inspired by Fritz Loewe, whose interest in blizzards was. stimulated by a wintering in Terre Ad~lie. Systematic observations were originated by M. Mellor and developed under the direction of U. Radok. The great majority of the field observation were made by R. usable data sets were obtained (see Appendix). They include measurements in conditions where:, (a) there is new snow falling directly into the turbulent boundary layer, and (b) there is no precipitation from above and all particles are picked up from the surface. Most of the observational data have been published (Budd et al. 1965, Mellor and Radok'1960) , but some unpublished results were provided directly by Dingle and Radok.
Information on particle size and fall velocity can be found elsewhere (Budd 1965 , Budd et al. 1965 , Mellor 1965 ; with strong winds (> 10 m/s) mean particle size is approximately 100 ~m around 1 m height, about um within a few centimetres of the surface, and about 90 urn at head height.
Measurements have been made by other investigators, but we do not have access to the actual observational data, or to the instrument calibrations that are needed to establish comparability.
To obtain representative empirical relations for the dependence of flux q and concentration p on height z and wind speed uIO' we can perform multiple regression analysis on the data while taking account of the relevant physics. The dependent variable Y is a simple function of either q or p, and it is expressed initially as a 10-t~rm polynomial with cross-products and terms up to the third power. Some terms may be discarded on the basis of significance tests. The two independent variables Xl and X 2 are simple ,functions of z and uIO respectively. If Y is taken directly as p, with Xl and X 2 as z and uIO respectively, the correlation is very poor, since the observed values of Y range over more than 4 orders of magnitude, while corresponding values of Xl range over more than 2 orders of magnitude. Using the logarithms of the observed quantities for Y and Xl' together with uIO as X 2 , the results are much better. However, both theory and observation (Dingle and Radok 1961 , see also Budd et al. 1965 and Mellor 1965 indicate that the relation between In p and the reciprocal of wind speed, l/uIO' should be close to linear, and it is found that regression of In p (Y) against In z (Xl) and l/uIO (X 2 ) gives the best fit to the data.
A parallel treatment for the regression of In q against In z and l/uIO is less easy to relate to theory. However, by using different forms of the wind profile in the expressions for p and u in the product q = pu, the logarithmic regression forms for q and z can be justified (see Mellor 1965, p. 15, eq 17) . By comparing magnitudes for the two parts of the exponent in the hybrid equation for q, it can be argued that the wind-dependence of q is not radically different from that of p, so that there can be no strong objection to taking X 2 as 1/uIO in the regression.
In both regressions the multiple correlation coefficient r = 0.978.
The standard error of Y about the regression plane is 0.453 for In p and 0.447 for In q (with p and q in units of g/m 3 and g/m 2 -s respectively).
The final regression equations were as follows. For high wind speeds, when part·icles are well diffused, Figure 1a indicates that the theoretical power relation between p and z is a good approximation, with an exponent not far from -1. The exponent given by simple theory is -w/ku*, where w is particle fall velocity, u* is shear velocity (~ 1 mls with winds of 25-35 m/s), and k is von Karman's constant (0.4). If -w/ku* ~ -1 for strong winds, w ~ 0.4 mis, which is a credible value for particles of wind-blown snow.
At low wind speeds, when there is a sorting of particle size (and f~ll velocity) with height (see Budd 1965), a linear relation between In p and
In z applies only at low levels. At the lowest observed wind speeds (~ 10 m/s), p tends to a limit of about 0.06 g/m 3 when z is greater than a few metres. This is the sort of concentration that corresponds to very light snowfall in calm weather. At the lower levels, the general (negative) slope of the curves in Figure 1a increases as uIO decreases, presumably because the shear velocity is proportional to uIO. Very close to the ground (z :::s 10 mm), the curves converge t~ a focus, indicating an upper limit of concentration that is not strongly dependent on wind speed. This limit, which is approximately 1400 g/m3 and therefore close to air density (:::s 1300 g/m 3 ), was predicted and noted in earlier studies (Owen 1964 , Budd etal. 1965 , Greeley and Iversen 1985 . The height of the "focus" is more or less the height of the top of the saltation layer. Figure 1b shows that the theoretical expectation of inverse proportionality between In p and 1/uIO is realized in strong winds at levels above 0.5 m. However, with less strong winds the concentration does not decrease as much as might be expected from simple theory, perhaps because falling snow sets a lower limit for p. At low levels, p becomes progressively less sensitive to wind speed, as already mentioned in connection with the "focus" in Figure 1a . The curves for low levels in Figure 1b could perhaps be approximated by straight lines, but they actually show contraflexure. Taken at face value, they suggest that p may become almost independent of uIO for very high winds and for layers very close to the surface, a trend which seems credible. They also indicate a trend towards a lower limit of p in light winds for layers very close to the surface. This is more difficult to rationalize, although one might consider systematic change in particle size as a possible explanation. tween In q and In z prevails only at low levels. At high levels and low wind speeds, q for a given value of z tends towards a limit. As was the case for p, the curves in Figure 2a tend to suggest convergence to a focus very close to the surface, but it is not easy to accept this trend. Extension of the curves to a common point indicates q :::s 30,000 g/m 2 -s at z :::s 6 mm. However, the limiting value of p at low level should be approximately 1300 g/m3, with a wind speed of approximately 2 m/s very near the surface.
This is an order of magnitude discrepancy; the expected maximum for very low levels is q :::s 3,000 g/m 2 -s at z < 10 mm. 
